F emoral fractures cause substantial morbidity; however, the expectation is that virtually all young children who are treated for an isolated uncomplicated fracture will obtain normal function and radiographic alignment 1, 2 . Since the introduction of flexible intramedullary nailing (IMN) of femoral fractures in children, there has been a paradigm shift over the last three decades from predominantly nonoperative measures such as traction and spica cast immobilization to operative treatment, a trend noted in the management of many pediatric orthopaedic injuries [3] [4] [5] [6] . As the success of and familiarity with operative treatment have increased, the age limits for nonoperative treatment have gradually decreased 7 . Currently, most children who sustain a femoral shaft fracture after the age of five years are treated operatively while the vast majority of children younger than four are treated nonoperatively 2, 3, 6, 7 . The "preschool" age range of four to five years remains a topic of debate and was the subject of our investigation.
The purpose of this study was to compare the early radiographic and clinical outcomes of operative (IMN) and nonoperative (spica cast) treatment of femoral fractures in this age group.
Materials and Methods
A fter institutional review board approval, a retrospective chart review was performed at two institutions to identify children four to five years of age who had been treated for an isolated complete femoral shaft or subtrochanteric fracture between January 1, 2000, and December 31, 2012. Exclusion criteria were open injury, bilateral injury, supracondylar or metaphyseal fracture, polytrauma, or a lack of follow-up to fracture-healing. Demographic data were collected with regard to age, weight, and mechanism of injury. The energy of the injury mechanism was classified as low (ground-level fall or collision with another child), medium (a fall from a height, playground equipment, or a bicycle) or high (a motor-vehicle collision, motor vehicle-pedestrian accident, or fall from the second floor). Radiographic data collected included fracture location (shaft or subtrochanteric), fracture pattern (spiral, transverse, oblique, or nondisplaced), and final coronal and sagittal angulation of the femur at the time of healing. Fracture shortening was defined as the maximum amount of shortening measured using digital radiography or the final limb-length discrepancy measured clinically at discharge. To determine which patients had radiographic alignment outside of the acceptable range, we applied the criteria described by Flynn et al. 1 for acceptable coronal (£15°) and sagittal (£20°) alignment as well as limb-length discrepancy measured clinically or shortening measured radiographically (£20 mm) for this age group. Clinical outcomes included cast immobilization time, weeks to weight-bearing, number of followup appointments, implant removal, and complications.
Complications were graded using the modified Clavien-Dindo grading system [8] [9] [10] [11] . According to this system, Grade-1 complications are deviations from the routine postoperative course that do not require intervention. These were not reliably recorded in the present study because of its retrospective nature and thus are not reported here. Grade-2 complications resolve after outpatient management or with observation; Grade-3 complications result in an unplanned reoperation or require inpatient care; Grade-4 complications are limb-threatening, are life-threatening, or result in a permanent functional deficit; and Grade-5 complications result in death. A "good" clinical outcome was considered to have been achieved if the patient had experienced no (or grade-1) complications and the final radiographic alignment met the criteria described by Flynn et al.
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. Statistical methods included use of a Mann-Whitney test to compare continuous variables and a chi-square test to compare categorical variables between the two treatment-based cohorts (IMN versus spica). When the sample was small, a Fisher exact test was performed. Significance was set at p < 0.05. In an effort to control for treatment bias due to surgeon treatment selection, we created a subgroup controlled for age and weight by considering the *Matched subcohorts were created by controlling for age and weight by considering the distributions of age and weight in the total cohorts (Figs. 1-A and 1-B) to eliminate outliers between groups, and then randomly selecting patients to create resampled matched subcohorts controlling for the difference in mean weight and age seen between groups for the entire cohort. †Indicates a significant difference (p < 0.05).
distributions of age and weight to eliminate outliers between groups and then randomly selecting patients to create re-sampled matched subcohorts controlling for the difference in mean weight and age seen between groups.
Source of Funding
No external funding was received for this study.
Results

A
fter exclusions for lack of follow-up (twenty-one patients) and incomplete radiographs (six patients), we identified 262 patients ranging in age from 4.0 to 5.9 years who had been followed for mean of thirty-two weeks (range, five to 316 weeks). One hundred and four patients had undergone IMN fixation and 158 had been treated with spica cast immobilization at their surgeon's discretion. In four cases, spica cast treatment was converted to IMN because of the parents' distress about the cast (one patient) or because of concern about unacceptable alignment early in the treatment period (three patients). In four other cases, IMN was converted to spica cast immobilization when the nail migrated and became prominent or migrated through the skin within the first month. Of the 104 patients treated with IMN, thirteen required supplemental spica cast immobilization.
The patients treated with IMN were slightly older (mean, 5.2 versus 4.7 years; p < 0.001) and heavier (mean, 21.5 versus 18.0 kg; p < 0.001) than those in the spica group and more likely to have a higher-energy mechanism of injury (p < 0.025). Table I and Figures 1-A and 1 -B demonstrate the distribution of patients by age, weight, and mechanism of injury in each group.
Radiographic Outcomes at Fracture-Healing (Table II) The mean coronal plane angulation (and standard deviation) in the spica group was 3.9°± 4.6°(median, 2°; range, 0°to 20°) versus 1.7°± 2.7°(median, 0°; range, 0°to 11°) in the IMN group (p < 0.001). The mean sagittal plane angulation in the spica group was 3.9°± 5.0°(median, 1.8°; range, 0°to 19°) versus 2.7°± 4.0 (median, 0°; range, 0°to 19°) in the IMN group (p = 0.12).
There was no difference between groups with regard to radiographic evidence of shortening (Table II) , although there were more patients with clinical evidence of shortening of >10 mm in the spica group (twelve [7. 6%] of 158) than in the IMN group (one [1.0%] of 104) (p = 0.02). However, the percentages with shortening of >20 mm did not differ between the entire groups (2.5% in the spica group versus 1.0% in the IMN group; p = 0.65) nor between the age and weightcontrolled matched subcohorts. 17, 2016 At the time of final follow-up, there was no difference between the overall treatment groups or the matched subcohorts with regard to the percentages of patients who met the criteria recommended by Flynn et al. 1 for acceptable coronal angulation (£15°), sagittal angulation (£20°), and limb-length discrepancy (£20 mm): these measurements fell into the acceptable range in 96.2% of all patients in the spica group versus 99.0% of those in the IMN group (p = 0.09).
Complications (Tables III and IV) There were significantly higher rates of patients with total and late complications in the total IMN cohort. The rate of total complications did not remain statistically higher in the matched cohort, whereas the rate of late complications did (Table III) . A single complication developed in 7.6% of the 158 patients in the spica group, whereas seventeen complications occurred in sixteen (16.3%) of the patients in the IMN group (p = 0.04). Complications are classified temporally in Table III and according to the modified Clavien-Dindo scheme [8] [9] [10] [11] in Table IV. In the spica group, the majority of the twelve complications were related to radiographic alignment or skin concerns. Three patients underwent an additional anesthetic for repeat spica cast immobilization, which was successful for all in terms of avoiding additional procedures. The spica cast treatment was changed to IMN for four patients, one because *Matched subcohorts were created by controlling for age and weight by considering the distributions of age and weight in the total cohorts (Figs. 1-A and 1-B) to eliminate outliers between groups, and then randomly selecting patients to create resampled matched subcohorts controlling for the difference in mean weight and age seen between groups for the entire cohort. †Indicates a significant difference (p < 0.05). ‡Early complications included repeat spica-cast immobilization, conversion of spica cast immobilization to IMN, early implant removal with conversion of IMN to spica cast immobilization, and cast-related complication requiring irrigation and debridement. §Late complications included persistent knee stiffness for greater than six months, rotational malalignment, a persistent limp at one year or later, deep infection requiring a reoperation, unsightly scarring, a reoperation other than implant removal, superficial infection or wound dehiscence related to implant removal, late refracture (more than six months after treatment), and symptomatic implants from nail migration or bursitis leading to nonelective or early implant removal.
the parents expressed frustration with the cast treatment and three because of unacceptable alignment. Additional complications are listed in Table IV . The need to wedge a cast in the clinic without sedation was not considered a complication. In the IMN group, four patients had an early implantrelated complication, consisting of implant prominence or migration through the skin within the first month that required a return to the operating room for irrigation and debridement, nail removal, and spica cast immobilization. One of these four patients who had early implant removal went on to develop a deep infection with osteomyelitis at the site of nail migration two years postoperatively and required readmission to the hospital, repeat irrigation and debridement, and antibiotics. He subsequently developed a 4-cm limb-length discrepancy related to overgrowth of the injured femur. Three patients were noted to have persistent knee stiffness at six months, and three patients were noted to have a clinical rotational difference between sides of ‡10°. Additional complications are noted in Table IV .
Clinical Outcomes (Tables III and V) There was a statistically significant difference between groups with regard to the mean time to weight-bearing: 6.8 weeks in the spica group versus 6.1 weeks in the IMN group (p = 0.001). While there was no difference in the percentage of patients who had an unplanned return to the operating room (3.8% in the IMN group versus 4.4% in the spica group; p > 0.99), the patients in the IMN group had more provider visits (mean, 5.8 versus 4.0; p < 0.001) and longer periods of follow-up (mean, forty-four versus twenty-five weeks; p < 0.001) than the patients in the spica group, and the percentage who underwent a repeat procedure (primarily for elective implant removal) was *In the spica group, the Grade-2 complications consisted of a limp with a limb-length discrepancy of >20 mm in one patient, rotational malalignment in one, and knee pain and stiffness in one. The Grade-3 complications in this group consisted of repeat cast immobilization in the operating room in three patients, conversion to IMN in four, decubitus ulcer in one, and refracture in one. †In the IMN group, the Grade-2 complications consisted of knee stiffness in three patients, rotational malalignment in three, dehiscence in one, superficial infection in one, and an unsightly scar in one. The Grade-3 complications in this group consisted of early implant prominence requiring irrigation and debridement, nail removal, and conversion to spica cast immobilization in four patients; refracture in one; nail migration in one; bursitis in one; and late osteomyelitis in one. 
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T 17, 2016 higher in the IMN group (mean, 89.4% versus 5.1%; p < 0.001).
Subgroup Analysis (Tables II and VI) Patients were stratified into subgroups on the basis of age (four or five years), and the cohorts were controlled for age and weight. In the four-year-old cohort, patients treated with IMN were more likely to have a complication than those treated with spica cast immobilization, whereas in the five-year-old group, patients treated with spica cast immobilization were more likely to have final fracture shortening of >10 mm. Patients in the matched subcohort had outcomes that were similar to those in the entire cohort except in terms of total complication rates as noted above and a minor difference in sagittal plane angulation (Table II) .
Ultimately, we chose to consider a good outcome as no (or type-1) complications and the achievement of all three acceptable radiographic results according to the criteria described by Flynn et al. 1 . With this simple binomial outcome, there was no statistical difference in the rate of good outcomes between the overall spica and IMN groups (87.3% and 84.6%, respectively; p = 0.66) or any subgroups analyzed.
Discussion
T he last few decades have seen an increasing trend toward operative management of children's fractures that had previously been treated nonoperatively 5 . As with all treatment choices, there are logical advantages and disadvantages to each approach. The positive attributes of IMN of femoral fractures in children include the reduced need for postoperative immobilization, an earlier range of motion of the hip and knee joints, and perhaps greater ease of care since the family can avoid the challenges associated with a child wearing a spica cast for several weeks 2, 7, 17 . There may be some advantage to the practitioner, whose postoperative care may be simplified as the rate of revision cast immobilization and/or cast adjustments can exceed 25% to 30% 1, 12, 13 .
The negative attributes of surgery include permanent visible scars and the introduction of the risk of infection, a theoretical risk of injury to adjacent neurovascular structures (an unlikely but potentially serious complication), and the frequent necessity for a second surgical procedure to remove the instrumentation (either electively or because the implant is symptomatic). Additionally, operative treatment necessitates the use of an operating theater whereas spica casts can be applied in the emergency room or in procedural units. This simple locational difference has the potential to greatly impact the costs associated with treatment 14 . Furthermore, despite internal fixation, some patients have enough instability to require supplemental spica cast immobilization, as did 12.5% of our IMN cohort, obviating the potential benefit of avoiding immobilization with IMN. Finally, a high rate of malunion has been reported even in children treated with internal fixation 15, 16 . A single study demonstrated no significant difference in pain and narcotic needs in the first twentyfour hours between spica and IMN groups 17 . Furthermore, no study has demonstrated a benefit of one treatment option over the other in terms of the child's overall comfort, to our knowledge.
Our primary outcome focus was radiographic alignment and shortening, but we sought to study pertinent clinical outcomes including complications, duration of treatment, and reoperation rates. While there were small differences in mean radiographic alignments between treatment groups, we do not consider the magnitudes clinically important, and there was no clinically relevant difference in radiographic evidence of shortening. This implies that acceptable radiographic results can be achieved in the vast majority of patients regardless of treatment choice.
Heffernan et al. recently conducted a multicenter, retrospective trial and found that the surgical treatment of femoral fractures in children two through six years of age was feasible and safe 7 . Like us, they found slight radiographic differences between treatment groups (141 patients treated with spica cast immobilization compared with seventy-four treated 272 17, 2016 with IMN). They also noted treatment bias, with higher-energy injuries in the IMN group, and reported slight improvements in the time to independent ambulation and return to full activities with IMN. An important difference is that their study represented all femoral fractures regardless of associated injuries whereas we limited our study population to isolated femoral fractures in otherwise healthy children. We agree that polytrauma is occasionally an indication for internal fixation, and we attempted to eliminate this as a confounding variable. Their study also emphasizes the point that most patients undergo elective implant removal (two-thirds in their study), usually because of surgeon preference, although 28% of the removals were due to symptomatic implants. The same authors recently presented prospective data collected using familyoriented outcome questionnaires, which demonstrated that IMN has a slight benefit with respect to minimizing the burden of disease on the families of children two through six years of age 17 . However, at our institutions, it is not common practice to perform IMN in two to three-year-olds, and six-year-olds are generally managed operatively, so we narrowed the age range for our investigation to 4.0 to 5.9 years of age.
Minor imperfections such as slight angular malalignment or limb-length discrepancy are not clinically important in this age group. The goal of treatment is to avoid substantial malunion, which reflects a potentially poor clinical outcome. For this reason, we compared the percentages of patients in each group in whom alignment fell outside of acceptable parameters, according to the recommendations presented by Flynn et al. 1 . Seven of 262 patients had alignment values that did not meet these acceptability criteria, with the majority of them manifested as a limb-length discrepancy of >20 mm, and there was no difference between treatment cohorts. When we examined the subgroup of older children (five years old), we found a higher likelihood of shortening of >10 mm with spica cast immobilization; however, the ramifications for ultimate limb-length discrepancy related to this degree of shortening are unclear but reassuring [18] [19] [20] [21] . Furthermore, we found no difference in the rate of potentially clinically relevant shortening of >20 mm.
Complications may occur regardless of treatment method. Our study demonstrated a higher rate of late complications after IMN; however, the difference was related primarily to relatively minor complications (Clavien-Dindo grade 2). Additionally, the IMN group had longer-term follow-up; thus, this difference should be interpreted with caution as it is subject to the bias of a retrospective study and may reflect better documentation of late complications due to longer follow-up. Notably, there were no Clavien-Dindo grade-4 or 5 complications.
The biggest difference between treatments was found in our younger (four-year-old) cohort, in which the complication rate was significantly higher for patients treated with IMN. While previous investigators have noted a relatively high complication rate associated with spica cast immobilization 12 , most of these complications were simple, with one study demonstrating that 8% of the patients returned to the operating room for revision of the spica cast, a rate similar to our 4.4% rate.
The most striking difference between our two study groups was the reoperation rate. This was predominantly due to surgeon-recommended elective implant removal, although several patients had later operations when implants became symptomatic (Figs. 2-A through 2-F) . Nail migration through the skin requiring early removal seems to be an infrequent yet ubiquitous complication, and our 4% rate was consistent with those in previous reports 2, 15, 22 . The need to routinely remove these implants electively is a subject of debate, but previous studies have suggested that 11% to 54% of removals are nonelective 2, 7, 24 . Additionally, implant removal requires an additional anesthetic, is expensive to the health-care system, and is not always "simple" as there is a small but real complication rate 7, [22] [23] [24] . We noted differences in other treatment outcomes such as a longer follow-up period and a greater number of physician visits in the IMN group. These are arguably due to surgeon treatment bias, with surgeons more likely to follow surgical patients longer than nonoperatively managed patients, but they still increase health-care costs and the burden of care on the family.
Limitations of our study include its retrospective nature, including loss of some patients to follow-up. Treatment bias was demonstrated by differences in age, weight, and mechanism of injury between groups even within this narrow age range, although we controlled for these factors in the subgroup analysis. The need for nails seems inherent in older, heavier patients and higher-energy injuries, but this cannot be elucidated by our study and thus is best considered treatment bias rather than a treatment recommendation. We did not routinely obtain scanograms or radiographs of contralateral limbs to provide greater accuracy in the radiographic assessment of shortening, indicating that the reported limb-length discrepancies are best estimates. We were unable to perform cost analyses, although one can surmise that operative treatment remains far more expensive than nonoperative treatment given the absence of substantial differences in the rate of return to the operating room between the groups and the fact that complications were not more frequent with nonoperative treatment. We also were not able to assess differences between the two groups with respect to the impact of the injury on the family, which is clearly an important variable in the management of children. Additionally, our study included primarily traditional one and one-half or two-limb spica casts rather than single-limb spica casts, which have been demonstrated to be both effective and beneficial with regard to family burden when compared with traditional spica cast immobilization 1, 25 . Our study identified no clinically relevant radiographic evidence of benefit favoring IMN over immediate spica cast immobilization in the treatment of preschool-age children with an isolated femoral shaft fracture. Both treatments led to a similar, small percentage of unanticipated reoperations. While patients in the spica group were slightly more likely to have femoral shortening between 10 and 20 mm, this limb-length discrepancy is in the range in which femoral overgrowth would be expected to balance the limb lengths with time. The patients treated with IMN had a nearly 90% reoperation rate, which was dramatically different from the spica cast group. They also had longer follow-up and more clinic visits, which resulted in a substantial increase in the total cost of treatment. We believe that, ultimately, preschool-age children with an isolated femoral fracture can be safely treated with either immediate spica cast immobilization or IMN and that shared decision-making with families based on the risks and benefits of each treatment is indicated. Families should be informed that IMN is associated with a higher risk of complications and substantially higher reoperation rates, is more expensive, and may not always obviate the need for a spica cast. Prospective studies are necessary to determine eventual limb-length discrepancies Radiographs showing the injury in a five-year-old boy (Figs. 2-A and 2-B) ; the healing fracture with excellent alignment (Figs. 2-C and 2-D) ; and symptomatic prominence of the medial IMN, which led the patient to return for removal at the age of ten years (Figs. 2-E and 2-F). 
